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[0001] This application claims the benefit under 35 U.S.C. § 1 19(e) 
of provisional application Serial No. 60/274,661, filed March 12, 
2001, which is hereby incorporated by reference in its entirety. 

Field of the Invention 

[0002] The invention relates to an assembly for and a method of 
making an electrofusion joint including a meltable member having a 
heating element. 

Background of the Invention 

[0003] Electrofusion joints have been developed and used for joining 
pipe used in a variety of applications, such as sewage system piping. 
Typically, when joining two pipes directly together using an 
electrofusion joint, one end of a first pipe has a heating element 
embedded therein. A second pipe is then inserted into the end of the 
first pipe in which the heating element was embedded. An electric 
power source supplies an electric current to the heating element 
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embedded in the first pipe. The supply of power to the heating 
element causes the heating element to produce heat, thereby melting 
the pipe material in both the first and second pipes in the vicinity of 
the heating element. The melted pipe material flows together and 
forms a homogenous joint following a cooling down period, thereby 
forming a strong joint between the two pipes. The heating element 
may also be embedded in a fitting, such as a double socket fitting, for 
joining two pipes through the use of a fitting^ Examples of existing 
electrofusion joints are disclosed in U.S. Patent No. 3,062,940 to 
Bauer et al., U.S. Patent No. 4,530,521 to Nyffeler et al., and U.S. 
Patent No. 5,836,621 to Campbell, which are hereby incorporate by 
reference in their entirety. 

[0004] When joining pipe using existing electrofusion sockets, the 
pipe material in the vicinity of the heating element melts and the 
heating element tends to move or "swim" within the melted pipe 
material. During such movement, one portion of the heating element 
may come into contact with another portion causing the circuit to 
short out. A short circuit causes loss of power to the heating element, 
thereby prematurely ending formation of the electrofusion joint. This 
results in a weak joint between the two pipe members. Movement of 
the heating element becomes more pronounced, and thus a larger 
problem, with increasing pipe diameter. 

[0005] In addition, when joining pipe using electrofusion, difficulties 
are encountered in preparing the pipe for the welding process due to 
the variation in tolerances encountered in pipe diameters. The 
variation in pipe diameters may lead to a bell end of a first pipe having 
an inner diameter too small to receive a second pipe, or, alternatively, 
the bell end of a first pipe having an inner diameter too large to form a 
proper fit with the socket end of a second pipe, such that a bad joint 
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is formed. This problem becomes more pronounced as pipe diameters 
increase since variation in the range of pipe size tolerances increases 
with pipe diameter. 

[0006] Thus, there is a continuing need to provide improved 
assemblies for and methods of making electrofusion joints. 

Summary of the Invention 

[0007] Surprisingly, it has been found that provision of an 
electrofusion joint assembly including a meltable member and a 
heating element attached to the meltable member by at least one 
fastener in accordance with the present invention prevents substantial 
movement of the heating element during formation of the electrofusion 
joint. 

[0008] In accordance with one embodiment of the present invention, 
an electrofusion joint assembly is provided including a first pipe 
having a spigot end, a second pipe having a bell end for receiving the 
spigot end of the first pipe, a heating element embedded in either the 
spigot end of the first pipe or in the bell end of the second pipe for 
creating a melt zone proximal the heating element when supplying the 
heating element with power, and at least one fastener extending 
through a meltable zone and into a non-melt zone of the embedded 
end of the pipe for securing the heating element in the embedded end 
of the pipe to prevent substantial movement of the heating element 
when supplying the heating element with power for making the 
electrofusion joint. 

[0009] In still another embodiment, an electrofusion joint assembly 
is provided including a first pipe and a second pipe to be connected, a 
fitting having first and second ends adapted for receiving the first and 
second pipes, a heating element embedded in each of the first and 
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second fitting ends for creating a melt zone proximal the heating 
element when supplying the heating element with power, and at least 
one fastener extending through a meltable zone and into a non-melt 
zone of the fitting for securing the heating element in the first and 
second ends of the fitting to prevent substantial movement of the 
heating elements when supplying the heating elements with power for 
making the electrofusion joint. 

[0010] In still another embodiment, a method of making an 
electrofusion joint is provided including providing a first pipe having a 
spigot end, providing a second pipe having a bell end, embedding a 
heating element and a plurality of fasteners in either the spigot end of 
the first pipe or in the bell end of the second pipe, the at least one 
fastener extending through a meltable zone and into a non-melt zone 
of the embedded pipe, inserting the spigot end of the first pipe into the 
bell end of the second pipe, creating a melt zone proximal the heating 
element by supplying power to the heating element, the heating 
element being prevented from substantially moving when creating the 
melt zone by the at least one fastener extending through the melt zone 
and into the non-melt zone of the embedded pipe; and terminating the 
supply of power to the heating element to fuse the first and second 
pipes together. 

[0011] In another embodiment of the present invention, a second 
member has a tapered end for receiving a first member. The inner 
surface of the second member and the outer surface of the first 
member are substantially non-parallel. A ring positioned around the 
outer surface of the second member compresses the second member 
proximal the first member, thereby eliminating poor joint make-up 
due to variations in pipe sizes due to allowable tolerances. 
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[0012] In a further embodiment of the present invention, multiple 
power sources are used to form the electrofusion joint. Separate 
heating elements are each powered by an individual power source, 
thereby reducing weld time and avoiding breakdown of the electrical 
circuit that may cause poor electrofusion weld joints, particularly in 
large diameter pipe. 

[0013] Other advantages and salient features of the invention will 
become apparent from the following detailed description, which, taken 
in conjunction with the annexed drawings, discloses preferred 
embodiments of the invention. 

Brief Description of the Drawings 

[0014] Referring now to the drawings that form a part of the original 
disclosure: 

[0015] FIG. 1 is a cross-sectional view of a bell portion of a pipe 
having a heating element secured therein by fasteners; 
[0016] FIG. 2 is a cross-sectional view of an electrofusion joint 
assembly having a bell portion of a first pipe with an embedded spiral 
heating element and a spigot portion of a second pipe inserted in the 
bell portion of the first pipe; 

[0017] FIG. 3 is the cross-sectional view of the electrofusion joint 
assembly of FIG. 2 showing a melt zone; 

[0018] FIG. 4 is an enlarged, partial elevational view of a heating 

element embedded in a pipe secured therein by a fastener extending 

through a melt zone and into a non-melt zone; 

[0019] FIG. 5 is a cross-sectional view of a spigot end of a pipe 

having a heating element secured therein by fasteners; 

[0020] FIG. 6 is a cross- sectional view of a tapered bell portion of a 

pipe having a heating element secured therein by fasteners; 
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[0021] FIG. 7 is a cross-sectional view of the tapered bell portion of 
FIG. 6 receiving a spigot end of a second pipe; 

[0022] FIG. 8 is a cross-sectional view of the electrofusion joint 
assembly of FIG. 7 with a tensioning ring and support member 
reducing the taper of the bell portion; 

[0023] FIG. 9 is a partial perspective view of an inserting ring 
holding a meandering heating element; 

[0024] FIG. 10 is a front view of a welding ring received within a bell 
portion of a pipe; 

[0025] FIG. 1 1 is a cross-sectional view of a double socket fitting 
having, two separate heating elements secured therein by fasteners; 
[0026] FIG. 12 is a cross-sectional view of an electrofusion joint 
assembly having a double socket fitting with two separate embedded 
heating elements, and two pipes inserted in opposite ends of the 
socket fitting; 

[0027] FIG. 13 is a cross-sectional view of a tapered double socket 
fitting having two separate heating elements secured therein by 
fasteners; 

[0028] FIG. 14 is a cross- sectional view of an electrofusion joint 
assembly of FIG. 13 having a tapered double socket fitting with a pipe 
inserted in each end, and a tensioning ring and support member 
reducing the taper of the each socket end; 

[0029] FIG. 15 is a cross-sectional view of a bell portion of a pipe 
having a meandering heating element; 

[0030] FIG. 16 is a cross- sectional view of a bell portion of a pipe 
having a zigzag heating element; 

[0031] FIG. 17 is a cross-sectional view of an embedded heating 
element showing the size of the melt zone; and 
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[0032] FIGS. 18A, 18B and 18C is a cross- sectional view of 're- 
shaped, barb shaped and I-shaped fasteners pre- attached to a 
heating element. 

Detailed Description of the Invention 

[0033] As seen in FIGS. 1-16, the present invention relates to 
assemblies for and methods of making an electrofusion weld joint. A 
meltable member, such as a pipe member as shown in FIG. 1 or a 
double socket fitting as shown in FIG. 11, has a heating element and 
at least one fastener attaching the heating element to the meltable 
member. The meltable member may be a pipe, fitting or any other 
suitable member in which the heating element is to be embedded. 
Preferably, the meltable member is a thermoplastic. The methods and 
assemblies described herein may be used to create an electrofusion 
weld joint for pipe of any diameter. Preferably, meltable members 
having diameters of eighteen inches and larger are used to make an 
electrofusion joint. 

[0034] As shown in FIG. 1, a bell portion 13 of a pipe 1 1 has a 
heating element 15 embedded therein. Preferably, the heating 
element 15 is embedded from the inner surface 17 of the bell portion 
13 of the pipe 11. At least one fastener 19 is used to secure the 
heating element 1 5 within the pipe 1 1 . 

[0035] An electrofusion joint assembly 27 for joining a first pipe 21 
and a second pipe 1 1 is shown in FIG. 2. The second pipe 1 1 has a 
bell portion 13 that receives a spigot end 23 of first pipe 21. An inner 
surface 17 of the bell portion of the second pipe 1 1 mates with an 
outer surface 25 of the spigot end 23 of the first pipe. A heating 
element 15 may be attached to and embedded in either the inner 
surface 17 of the bell portion 13 of the second pipe 1 1 or the outer 
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surface 25 of the spigot end 23 of the first pipe 21. Terminals 16 of 
the heating element are connected to a power source for supplying 
electrical current to the heating element to produce an electrofusion 
weld joint between the first and second pipes. At least one fastener 19 
is used to secure the heating element 15 within the embedded portion 
of the pipe. 

[0036] As shown in FIGS. 3 and 4, a predetermined melt zone 29 is 
created when electrical current is supplied to the heating element 15. 
The predetermined melt zone 29 is the area that becomes molten or 
melts as a result of the heat generated by the heating element 
proximal the heating element, with melt zone portions 29A and 29B 
(together melt zone 29) created in both the first and second pipes, 
respectively. The areas 31A and 3 IB (together non-melt zone 31) 
outside the predetermined melt zones are non-melt zone portions of 
the first and Second pipes, respectively, which do not melt or become 
molten from heat emanating from the heating element. The material 
within the predetermined melt zone becomes molten and flows during 
the electrofusion welding process. 

[0037] The fastener 19 extends through the predetermined melt 
zone into a non-melt zone portion 31 of the pipe, thereby substantially 
preventing movement of the heating element when the pipe material in 
the vicinity of the heating element becomes molten. As shown, the 
ends of the fastener 19 extend into the non-melt zone portion 31 to 
secure the fastener during the electrofusion welding process, so that 
when the melt zone begins to flow substantial movement of the 
fastener and the heating element is prevented due to the fastener 
extending into the non-melt zone and anchoring the heating element 
to resist movement. The fastener 19 may have any desired shape. 



Although shown having a a U-shape", fastener 19 may have a "J" or 
fishhook shape among others, for example. 

[0038] A fastener 19, as shown in FIGS. 3 and 4, is used to attach 
the heating element 1 5 to the second pipe 1 1 to substantially prevent 
movement of the heating element while the surrounding material in 
the melt zone is heated and becomes molten during the process of 
forming an electrofusion weld joint. Preferably, the fastener is 
metallic, such as stainless steel, brass or aluminum. The fastener 
may have any desired shape, but a substantially U-shaped fastener, 
as shown in FIG. 3, or a Y-shaped fastener is preferred. An end of the 
fastener 19 prevents the heating element from substantially moving 
during the electrofusion welding process, thereby ensuring that one 
portion of the heating element will not touch another portion and 
cause the circuit to short out during the electrofusion welding 
process. The fastener 19 extends through the predetermined melt 
zone 29 into a non-melt zone portion 31. By anchoring the fastener in 
the non-melt zone portion, the fastener is secured in a solid material 
that does not become molten during the welding process, thereby 
ensuring that the fastener, and therefore the heating element, does 
not substantially move during the electrofusion welding process. 
[0039] The length of the fasteners depends on the extent of the melt 
zone. The size of the melt zone depends on several factors, some of 
which include the material in which the heating element is embedded, 
the size of the heating element, the shape of the heating element, the 
amount of power supplied to the heating element, and the length of 
time power is supplied to the heating element. Based on the size of 
the melt zone, the length or size of the fasteners may be easily 
determined. 
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[0040] Alternatively, as shown in FIG. 5, an electrofusion joint 
assembly may be constructed having the heating element 53 attached 
to the spigot end of the second pipe 2 1 . 

[0041] As shown in FIGS. 6 and 7, the bell portion 13 of second pipe 
1 1 may be tapered 14 to facilitate insertion of a spigot end 23 of a first 
pipe 2 1 and to control or eliminate the gap between the pipe where the 
electrofusion joint is to be formed. 

[0042] As shown in FIG. 7, inner surface 17 of bell portion 13 of 
second pipe 1 1 is substantially non-parallel and forms an angle with 
outer surface 25 of spigot portion 23 of first pipe 21, thereby creating 
a gap between first and second pipes. The taper angle a may be 
between about 3 and 10 degrees. Heating element 15 is attached to 
second pipe 1 1 . Alternatively, heating element may be attached to the 
spigot end of first pipe 21. A tensioning ring 97 (FIG. 8) is positioned 
around the outer surface of second pipe 1 1 to compress the second 
pipe toward first pipe 21, thereby closing the gap between the first and 
second pipes to ensure a more uniform electrofusion weld joint. 
[0043] A tensioning ring 97 may be used to force the inner surface 
17 of the bell portion 13 of the second pipe 1 1, as shown in FIG. 7, 
proximal the outer surface 25 of the spigot portion 23 of the first pipe 
21, as shown in FIG. 8. Decreasing the gap between the two mating 
surfaces provides a stronger electrofusion weld joint since the closer 
proximity of the mating surfaces enables the molten pipe material 
produced during the welding procedure to flow together to form a 
more homogenous joint. As shown in FIG. 8, the tensioning ring 97 is 
positioned around the bell end 13 of the second pipe 1 1, as shown in 
FIG. 8. A force F is applied to the tensioning ring to compress the 
inner surface 17 of the bell end proximal the outer surface 25 of the 
spigot end to form a stronger joint. Preferably, to facilitate bending of 
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the tapered portion 14 of the second pipe, the second leg 26 of the 
taper is 20% thicker than the first leg 28. A support member 99 may 
be inserted within the joint assembly 27 to resist the downward force 
created by the tensioning ring. The support member 99 is inserted 
within the first and second pipes during the electrofusion welding 
procedure to provide support to the members against the compressive 
force imparted by the tensioning ring. The tensioning ring 97 and 
support member 99 may also be used to facilitate making an 
electrofusion joint for non-tapered pipe configurations. 
[0044] A heating element 15 and at least one fastener 19 are 
embedded in either the bell end 13 of the second pipe 1 1 or the spigot 
end 23 of the first pipe 21. More than one heating element may be 
embedded in the pipe end. Each heating element is powered by an 
individual power source, thereby avoiding breakdown of the electrical 
circuit that may cause poor electrofusion weld joints. The fastener 19 
extends through a predetermined melt zone into a non-melt zone 
portion of the embedded pipe. The spigot end 23 of the second pipe 
21 is inserted into the bell end 13 of the first pipe 11. Terminals 16 of 
the heating element 15 are connected to a power source. A 
predetermined melt zone proximal the heating element 15 is created 
by supplying electrical current from the power source to the heating 
element. The fasteners 19 prevent the heating element 15 from 
substantially moving when creating the predetermined melt zone 
because the fastener extends through the predetermined melt zone 
into the non-melt zone portion 31 of the embedded pipe. The 
electrical current supplied to the heating element 15 causes thermal 
fusion at the mating surfaces of the first and second pipes. The 
thermal resistance of the heating element 15 causes the heating 
element to increase in temperature and to emit heat. The emitted 
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heat causes the pipe material in the predetermined melt zone 2 1 to 
become molten. The supply of electrical current to the heating 
element is terminated so that the molten material within the 
predetermined melt zone that has flown together and filled cavities 
between the two pipes cools and fuses the first and second pipes 
together. 

[0045] The heating element may be embedded within a meltable 
member by any suitable means. One method is to co-extrude the 
meltable member and the heating element at the same time, so that 
the pipe is formed with an embedded heating element. Another 
method of providing an embedded heating element is to melt or soften 
the meltable member to embed the heating element into such 
member. In this embodiment, the heating element is placed within an 
inserting ring 93, shown in FIG. 9. The inserting ring 93 may have a 
pocket to hold the heating element. The inserting ring is then 
positioned within the member in which the heating element is to be 
embedded, such as the bell portion of the first pipe shown in FIG. 1 or 
the first and second ends of the socket fitting 63 shown in FIG. 11. 
The element is attached to the member with at least one fastener, to 
initially hold the heating element in position on the member. 
[0046] The fastener may be inserted into the member by any 
method. If the fastener is a U-shaped staple, it may be inserted using 
a powered staple gun, for example. If a J-shaped or fishhook- shaped 
fastener is used, the fastener may be inserted using a hammer or 
similar tool. The inserting ring is then removed from the member, 
leaving the heating element and fastener fastened to the member. At 
least one more fastener, preferably fasteners, are then inserted into 
the member to more securely fix the heating element within the 
member. A welding ring 95 is then positioned adjacent to the member 
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in which the heating element is securely fixed. The welding ring is 
heated to soften the member proximal the welding ring, thereby 
causing the heating element and the fasteners to become embedded in 
the softened pipe. Heating of the welding ring is then terminated and 
the welding ring is removed from the pipe or fitting. As the pipe or 
fitting is allowed to cool, the softened material hardens, thereby 
retaining the embedded the heating element and the fasteners in the 
pipe. 

[0047] An inserting ring 93 may be used to assist in initially 
fastening a heating element to a member in which the heating element 
is to be embedded. As shown in FIG. 9, the inserting ring 93 
releasably holds the 15 heating element so that the heating element 
may be initially fastened to the inner surface 17 of pipe 11 within 
which the heating element is to be embedded. Preferably, the 
inserting ring 93 is a cylindrical ring having a groove 94 at one end for 
releasably holding the heating element. The inserting ring 93 is sized 
to fit against the surface of the member to which the heating element 
is to be embedded. For the pipe shown in FIG. 1, inserting ring 93 is 
sized such that the heating element is proximal inner surface 17 of 
bell portion 13 of pipe 1 1 when initially fastening the heating element 
to the pipe. 

[0048] A welding ring 95, as shown in FIG. 10, is sized and shaped 
fit against the heating element when it is initially fastened to a 
member in which the heating element is to be embedded. As shown in 
FIG. 10, the welding ring 95 is inserted within the bell portion of the 
pipe 1 1 where the heating element is initially fastened. The welding 
ring 95 is then heated, by a welding torch for example, to soften the 
material in the pipe so that the heating element and fasteners will 
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sink into the softened material, thereby embedding themselves within 
the material as it hardens. 

[0049] In another embodiment, as shown in FIGS. 11 - 14, an 
electro fusion joint assembly 57 may be constructed with a double 
socket fitting 63 to form a joint between a first pipe 59 and a second 
pipe 6 1 . The double socket fitting 63 has a first heating element 69 
and a second heating element 71 embedded therein. The double 
socket fitting 63 has a first end 65 and a second end 67 for receiving 
first and second pipe members. The first and second ends have first 
and second inner surfaces 66 and 68, respectively. The first end 65 of 
the socket fitting 63 has the first heating element 69 embedded 
therein. The second end 67 of the socket fitting 63 has the second 
heating element 71 embedded therein. Preferably, the heating 
elements are embedded from the inner surfaces 66 and 68 at each pf 
the first and second ends of the socket fitting 63. At least one fastener 
73 is used to secure each of the heating elements 69 and 7 1 within 
the first and second ends 65 and 67 of the socket fitting 63. 
Preferably, the heating element is embedded within the socket fitting 
as described above. 

[0050] As shown in FIG. 13, the double socket fitting 63 may have a 
tapered first end 75 and a tapered second end 77 to facilitate receiving 
first and second pipe members to make an electrofusion joint 
assembly. Preferably, the taper is about 3 to 10 degrees. Preferably, 
to facilitate bending of the tapered portions 75 and 77, the second leg 
of the tapered portion "a" is approximately 20% thicker than the first 
leg "b". 

[0051] An electrofusion joint assembly 57 for joining a first pipe 59 
and a second pipe 61 using a socket fitting 63 is shown in FIG. 12. 
The socket fitting 63 has a first end 65 and a second end 67 that 
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receive the first and second pipes 59 and 6 1 . The first end 65 of the 
socket fitting 63 has an inner surface 66 that mates with the outer 
surface 60 of the first pipe 59 when the pipe is inserted into the socket 
fitting to make-up the electrofusion joint assembly 57. The second 
end 67 of the socket fitting 63 has an inner surface 68 that mates 
with the outer surface 62 of the second pipe 6 1 when the pipe is 
inserted into the socket fitting to make up the electrofusion joint 
assembly 57. A first heating element 69 is embedded in the inner 
surface 66 of the first end 65 of the socket fitting 63 and a second 
heating element 7 1 is embedded in the inner surface 68 of the second 
end 67 of the socket fitting. More than one heating element may be 
embedded in each of the socket fitting ends. First and second 
terminals 70 and 72 of the heating elements are connected to a power 
source (not shown) that supplies electrical current to the heating 
element to produce an electrofusion weld joint between the socket 
fitting 63 and the first and second pipes 59 and 61. Preferably, each 
heating element is connected to an individual power source. 
[0052] At least one fastener 73 is used to attach each of the first 
and second heating elements 69 and 71 to the inner surfaces 66 and 
68 of the socket fitting 63. The fasteners extend through a 
predetermined melt zone and into a non-melt zone portion of the 
fitting, as shown in FIG. 3. The first pipe is inserted in the first fitting 
end and the second pipe is inserted into the second fitting end. The 
first and second socket ends may be tapered, such as shown in FIG. 
13, to facilitate insertion of the pipe into the socket fitting ends. 
Preferably, the taper is about 3 to 10 degrees. A predetermined melt 
zone is created proximal each of the heating elements by supplying 
electrical current to each of the heating elements. The heating 
elements are prevented from substantially moving when creating the 
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predetermined melt zone by the fasteners extending through the melt 
zone into the non-melt zone portion of the socket fitting. The supply 
of electrical current to the heating elements is terminated, allowing 
the molten material within the melt zones that has moved and filled 
cavities between the socket fitting and the two pipes to cool and fuse 
the first and second pipes and the socket fitting together. As shown in 
FIG. 14, a tensioning ring 97 and support member 99 may also be 
used at both ends of a socket fitting, as described previously with 
regard to FIG. 8. 

[0053] A heating element, such as heating element 15 shown in FIG. 
1 , is preferably embedded in a meltable member that is to make up an 
electrofusion weld joint assembly. The heating element has terminals, 
such as terminals 16 shown in FIG. 1, that are connected to a power 
source, which supplies electrical current to the heating element to 
produce an electrofusion weld joint. The heating element may have 
any geometrical configuration. Preferably, the heating element has a 
substantially helical shape as shown in FIG. 3, a substantially 
meandering shape as shown in FIG. 15, or a substantially zigzag 
shape as shown in FIG. 16. More than one heating element may be 
used to make-up the electrofusion weld joint. 

[0054] The substantially helical shaped heating element 15 shown 
in FIG. 3 winds circumferentially around the inner surface 17 of the 
bell portion 13 of the second pipe 1 1 in which the heating element is 
embedded. The helical shape has a substantially constant radius 
from the center of the pipe while it winds around the inner surface of 
the bell. 

[0055] The substantially meandering shaped heating element 8 1 , as 
shown in FIG. 15, has an S-shaped pattern. The meandering heating 
element 8 1 runs longitudinally along the embedded member for a 
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fixed length forming a first leg 82 of the S before making a 
substantially arcuate 180 degree bend 85. The heating element then 
runs the fixed length in a direction longitudinally opposite of the first 
leg 82 to form the second leg 83 of the S before making another 
substantially arcuate 180 degree bend 85. The heating element then 
runs in a direction longitudinally opposite that of the second leg 83 to 
form the third leg 84 of the S-shaped pattern. This pattern is repeated 
along the inner surface of the member in which the heating element is 
embedded. Preferably, the heating element is secured within the 
member with a fastener at every bend 85 and one near where the 
heating element exits the member. 

[0056] The substantially zigzag shaped heating element 87, as 
shown in FIG. 16, has a V-shaped pattern. The zigzag heating 
element 87 runs angularly to the longitudinal axis of the embedded 
member for a fixed length to form the first leg 89 of the V. At the end 
of the first leg, the heating element makes an angled bend 9 1 to form 
the apex of the V. The heating element then runs the fixed length 89 
in a direction opposite to the longitudinal direction of first run to form 
the second leg 90 of the V, which completes the V-shaped pattern. 
This pattern is repeated along the inner surface of the member in 
which the heating element is embedded. Preferably, the heating 
element is secured within the member with a fastener at every bend 
9 1 and one near where the heating element exits the member. 
[0057] The length L of the fastener 19 to be used depends on the 
thickness "d" of the melt zone 29, as detailed in FIG. 17. In turn, the 
thickness "d" of the melt zone depends on the distance "w" between 
wires. The melt zone thickness "d" must be at least as thick as the 
wire distance a w*\ Preferably, the amount of the fastener 19 extending 
into the non-melt zone is at least 10% of the melt zone thickness. 
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Therefore, the length a \f of the fastener is preferably 1 10% of the 
thickness a d" of the melt zone. Typically, the wire distance w is known 
prior to constructing an electrofusion joint in accordance with the 
present invention, such that an adequately sized fastener 19 is used. 
[0058] As shown in FIGS. 18A, 18B and 18C, a heating element 15 
may have a pre-attached fastener. FIG. 18A shows a heating element 
assembly 101 with a pre-attached T-shaped fastener 102. FIG. 18B 
shows a heating element assembly 103 with a pre-attached barbed 
fastener 104. FIG. 18C shows a heating element assembly 105 with a 
pre-attached I-shaped fastener 106. The pre-attached fastener may 
be attached to the heating element with any conventional method, 
such as clamping, riveting welding, and soldering. The heating 
element assembly is attached and embedded in a heatable member as 
previously described for a heating element without a pre-attached 
fastener. 

[0059] While advantageous embodiments have been chosen to 
illustrate the invention, it will be understood by those skilled in the 
art that various changes and modifications may be made therein 
without departing from the scope of the invention as defined in the 
appended claims. 



